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FLAT HEAT TRANSFERRING DEVICE AND METHOD OF FABRICATING THE 

SAME 

BACKGROUND OF THE INVENTION 
[001] This application claims the priority of Korean Patent Application Nos. 2002-49426 
and 2003-22218 filed on August 21, 2002 and April 9, 2003, respectively, in the Korean 
Intellectual Property Office, the disclosures of which are incorporated herein in their entirety 
by reference. 

1 . Field of the Invention 

[002] The present invention relates to small sized heat transferring device, and more 
particularly, to a substantially flat heat transferring device for cooling high heat-generating 
chips. 

2. Description of the Related Art 

[003] Due to the rapid development in semiconductor techniques and methods of 
manufacturing semiconductor devices, ultra-slim electronic devices (e.g., laptop computers), 
which show much greater performance having smaller thickness and volume, have become 
widely used. 

[004] In such ultra slim electronic devices, it is very important to cool high heat-generating 
elements having a higher calorific power, such as a CPU chip installed in a computer, as well 
as the entire device. Most of the high heat-generating elements in an electronic device are 
considered important to the operation of the entire device. Specifically, unless heat generated 
from such high heat-generating elements is removed as soon as possible, the functions of the 
high heat-generating elements may be considerably degraded. In an even worse case, the 
heat-generating elements may be damaged, in which case the entire device may not operate at 
all. 



Q77040.APP.TPC 
August 19, 2003 

[005] In recent years, with an increasing awareness of how important cooling of high heat- 
generating elements is, various coolers for cooling high heat-generating elements have been 
suggested. 

[006] FIGS. 1 through 3 are cross-sectional views of conventional cylindrical heat pipes. In 
particular, FIG. 1 shows a cylindrical heat pipe 10 inside of which a groove 12 is formed. 
FIG. 2 shows a cylindrical heat pipe 20 inside of which a sintered metal 22 is provided. FIG. 
3 shows a cylindrical heat pipe 30 inside of which a mesh screen 32 is provided. 
[007] Referring to FIG. 1, vapor, which is vaporized by heat generated from a heat source 
(not shown), is transferred to a condensing part (not shown) via a hollow 14 in the heat pipe 
10. A liquid-phase coolant provided from the condensing part is fed back to a vaporization 
part (not shown) through the groove 12. 

[008] Hollows 24 and 34 shown in FIGS. 2 and 3, respectively, have the same function as 
the hollow 14 shown in FIG. 1. In addition, the sintered metal 22 and the mesh screen 32 
shown in FIGS. 2 and 3, respectively, correspond to the groove 12 shown in FIG. 1 in terms 
of function. 

[009] As shown in FIG. 4, a vaporization part 44 is located at one end of a cylindrical heat 
pipe 40 to contact a heat source, and a condensing part 48 for compressing vapor is located at 
the other end of the cylindrical heat pipe 40. Reference numeral 46 represents a vapor 
pathway which is connected between the vaporization part 44 and the condensing part 48. 
Arrows in the heat pipe 40 represent the direction of the movement of a coolant. Vapor 
entering the condensing part 48 through the vapor pathway 46 changes into a liquid-phase 
coolant. The liquid-phase coolant permeates a porous material 42 provided inside the heat 
pipe 40 and moves to the vaporization part 44 due to capillary action in the porous material 
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42. The cylindrical heat pipes shown in FIGS. 1 through 3 include the groove 12, the sintered 
metal 22, and the mesh screen 32, respectively, instead of the porous material 42. 
[010] The cylindrical heat pipes shown in FIGS. 1 through 3 can be used for ultra slim 
electronic devices (e.g., laptop computers), but the heat pipes must be pressed to have a 
smaller thickness and must be bent to increase the area of heat transmission of a fan in the 
condensing part 48. 

[Oil] However, it is hard to bend a heat pipe pressed to have such a small thickness, and 
even if the heat pipe can be bent, capillary means provided inside of the heat pipe are 
physically deformed by the bending, therefore downgrading the performance of the heat pipe. 
[012] Additionally, a wick structure provided inside each of the cylindrical heat pipes 
shown in FIGS. 1 through 3 can be applied to an ultra slim heat pipe. However, in the case of 
applying the groove 12 shown in FIG. 1 to such an ultra slim heat pipe, the manufacturing 
costs of the heat pipe increase because it is very difficult to form a fine groove in an ultra 
slim heat pipe. Alternatively, if the sintered metal 22 shown in FIG. 2 or the mesh screen 32 
shown in FIG 3 is applied to the wick structure of an ultra slim heat pipe, the decrease in flow 
pressure becomes greater (because the wick layer gets thinner). In addition, because the size 
of pores is irregular, the surface tension of a coolant weakens. Thus, the cooling efficiency of 
the heat pipe is lowered. 

SUMMARY OF THE INVENTION 
[013] The present invention provides a substantially flat heat transferring device having a 
wick structure suitable for an ultra slim electronic device, which has reduced manufacturing 
costs and exhibits a small vaporization heat resistance. The present invention also provides a 
method of fabricating the substantially flat heat transferring device. 
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[014] According to one aspect of the present invention, there is provided a substantially flat 
heat transferring device, which includes a vaporization part where a liquid-phase coolant is 
vaporized and a condensing part where vapor generated in the vaporization part condenses 
into liquid, the liquid-phase coolant moving from the condensing part to the vaporization part 
by capillary force. The substantially flat heat transferring device includes a lower plate, an 
upper plate, a wick plate, and a liquid-phase coolant. The lower plate contacts a heat source 
at its bottom. The upper plate is hermetically coupled with the lower plate along its edge to 
form a void therebetween. The wick plate is provided between the upper plate and the lower 
plate and is maintained in position relative to the lower plate by surface tension of the liquid- 
phase coolant. The liquid-phase coolant transfers heat transferred from the heat source from 
the vaporization part to the condensing part circulating between the vaporization part and the 
condensing part. Here, the wick plate includes a plurality of holes and a plurality of planar 
wicks and makes the liquid-phase coolant flow from the condensing part to the vaporization 
part by capillary force between itself and the lower plate. 

[015] In another aspect of the invention, the upper plate is embossed to have recessed parts 
and raised parts, and the recessed parts, which are parts raised toward the wick plate, of the 
upper plate contact some of the planar wicks to maintain the wick plate in position relative to 
the lower plate. 

[016] In another aspect of the invention, the substantially flat heat transferring device 
further includes vertical spacers, which are formed at the inner sidewalls of the upper plate to 
form a gap between the upper plate and elements surrounded by the upper plate. 
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[017] In another aspect of the invention, the height of the spacer protrusions extending from 
the spacer integrated lower plate gradually decreases over the spacer integrated lower plate 
ranging from the condensing part to the vaporization part. 

[018] In another aspect of the invention, the height of the spacer protrusions extending from 
the spacer integrated lower plate gradually decreases over the spacer integrated lower plate 
ranging from the condensing part to the vaporization part. 

[019] In another aspect of the invention, protrusions, which contact the upper plate, are 
extended from the wick plate so as to make the wick plate firmly contact the lower plate. 
[020] In another aspect of the invention, micropatterns are formed on the surface of the 
lower plate, having a smaller width than the planar wicks. 

[021] According to another aspect of the present invention, there is provided a method of 
fabricating a substantially flat heat transferring device which includes a vaporization part 
where a liquid-phase coolant is vaporized and a condensing part where vapor generated in the 
vaporization part condenses into liquid, the liquid-phase coolant moving from the condensing 
part to the vaporization part by capillary force. The method involves (1) forming a lower 
plate, the bottom surface of which contacts a heat source, (2) forming an upper plate 
corresponding to the lower plate so that a vapor moving space can be formed between 
elements mounted in the lower plate and the upper plate when coupling the lower plate with 
the upper plate, (3) forming a wick plate having a plurality of planar wicks and a plurality of 
holes for making the liquid-phase coolant move from the condensing part to the vaporization 
part, (4) mounting the wick plate in a predetermined region of the lower plate, (5) arranging 
the upper plate over the lower plate in which the wick plate is mounted, (6) coupling the 
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upper plate with the lower plate, and (7) injecting a liquid-phase coolant between the coupled 
upper plate and the lower plate. 

[022] In another aspect of the invention, in step (1), the predetermined region of the lower 
plate is recessed to a predetermined depth for installment of the wick plate. 
[023] In another aspect of the invention, in step (3), wick plate protrusions are formed on 
the wick plate toward the upper plate so that they can be integrated into one body with the 
wick plate. 

[024] In another aspect of the invention, in step (2), protrusions are formed at one among 
parts of the upper plate corresponding to the vaporization part and the condensing part so as 
to maintain the wick plate in position relative to the lower plate. 

[025] In another aspect of the invention, the method further includes forming a spacer plate 
having a plurality of spacers for uniformly maintaining a gap between the wick plate and the 
lower plate and installing the spacer plate between the wick plate and the lower plate. 
[026] In another aspect of the invention, the plurality of spacers have a gradually decreasing 
height so that their height is larger in the condensing part than in the vaporization part. 
[027] In another aspect of the invention, the method further includes forming an elastic 
element for maintaining the wick plate in position relative to the lower plate and installing the 
elastic element between the upper plate and the wick plate. 

[028] In another aspect of the invention, in the formation of the wick plate, a bridge is 
formed between at least some of the plurality of planar wicks. 

[029] In another aspect of the invention, protrusions are formed at an inner surface facing 
the lower plate of one selected from the planar wicks. 
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[030] In another aspect of the invention, a spacer bridge is formed between at least some of 
the plurality of spacers. 

[031] In another aspect of the invention, in step (3), the plurality of planar wicks or the 
plurality of holes are formed using wet etching, dry etching, or punching. 
[032] In another aspect of the invention, in step (6), the upper and lower plates are coupled 
using welding, brazing, electrostatic coupling, or thermal coupling. 

[033] In another aspect of the invention, the plurality of planar wicks or holes are arranged 
in a straight-line pattern, a radial pattern, or a mesh pattern. 

[034] In another aspect of the invention, the upper plate corresponding to the vaporization 
part and the condensing part is embossed to have recessed regions and raised regions so that 
the vapor can smoothly move and the recessed regions protruded toward the wick plate 
contact at least some of the plurality of planar wicks. 

[035] In another aspect of the invention, micropatterns are formed on the surface of the 
lower plate so as to expand the surface area of the lower plate. 

[036] In another aspect of the invention, spacer protrusions are formed on the lower plate, 
protruding upward so that they can be integrated into one body with the lower plate. 
[037] In another aspect of the invention, the height of spacer protrusions gradually 
decreases over the lower plate ranging from the condensing part to the vaporization part. 
[038] In another aspect of the invention, a region of the lower plate on which the wick plate 
is to be mounted is covered with a hydrophilic film before mounting the wick plate on the 
lower plate. 

[039] In another aspect of the invention, vertical spacers are formed at the inner sidewalls of 
the upper plate so as to form a gap between the upper plate and the wick plate. 
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[040] In another aspect of the invention, the method further includes forming a material 
layer of a different material from the material of the upper plate on the inner surface of the 
upper plate. 

[041] In another aspect of the invention, the method further includes comprising forming a 
material layer of a different material from the material of the lower plate on the entire surface 
of the lower plate, facing the upper plate. 

[042] The substantially flat heat-transferring device according to the present invention can 
be easily applied to a variety of super-slim products, such as laptop computers, and is capable 
of enhancing the efficiency of cooling down heat generating devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[043] The above objects and advantages of the present invention will become more apparent 
by describing in detail exemplary embodiments thereof with reference to the attached 
drawings in which: 

[044] FIGS. 1 through 3 are cross-sectional views of conventional heat pipes, taken 
perpendicular to the direction of their length. 

[045] FIG. 4 is a cross-sectional view of a conventional heat pipe, taken along the direction 
of the length of the heat pipe; 

[046] FIG. 5 is a divided perspective view of a substantially flat heat transferring device 
according to an exemplary embodiment of the present invention; 

[047] FIGS. 6 through 8 are plan views of first through third exemplary embodiments of the 
wick plate shown in FIG. 5; 

[048] FIG. 9A is a plan view of a spacer plate shown in FIG. 5; 

[049] FIG. 9B is a cross-sectional view of a spacer plate, taken along line b - b' of FIG. 9A; 
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[050] FIGS. 10, 12, 13, 15 through 20, and 22 through 25 are cross-sectional views of 
exemplary embodiments of elements provided between upper and lower plates of the 
substantially flat heat transferring device shown in FIG. 5, taken along a direction 
perpendicular to a vaporization part; 

[051] FIGS. 13A through 13D are diagrams of exemplary embodiments of a bridge 
provided to planar wicks; 

[052] FIGS. 18B through 18D are diagrams of exemplary embodiments of a first protrusion 
provided at an upper plate; 

[053] FIGS. 11 A, 14, 16, and 21 are perspective views of the elements shown in FIGS. 10, 
13, 15, and 20, respectively; 

[054] FIGS. 1 IB and 1 1C are diagrams of various exemplary embodiments of spacers; 
[055] FIGS. 26 through 30 are cross-sectional views of various exemplary embodiments of 
the substantially flat heat transferring device shown in FIG. 5, taken along a direction 
perpendicular to a vaporization part, in which a spacer plate is removed between upper and 
lower plates; 

[056] FIGS. 31 through 33 A, and 33B are cross-sectional views of various exemplary 
embodiments of a substantially flat heat transferring devices according to the present 
invention which are different from one another in terms of the position of a heat sink; 
[057] FIG. 34 is a cross-sectional view of an exemplary embodiment of the heat transferring 
device shown in FIG. 31, in which a fill port is provided; 

[058] FIG. 35 is a perspective view of an exemplary embodiment of the second lower plate 
of the present invention in which a region where a wick plate will be installed is recessed to a 
predetermined depth; 
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[059] FIGS. 36 and 37 are cross-sectional views of exemplary embodiments of a 
substantially flat heat transferring device having the second plate shown in FIG. 35, taken 
along the direction crossing vaporizing and condensing parts; 

[060] FIG. 38 is a cross-sectional view of the substantially flat heat transferring device 
shown in FIG. 36, taken along line 38-38' of FIG. 36, and FIG. 39 is a cross-sectional view 
of the substantially flat heat transferring device shown in FIG. 37, taken along line 39 - 39' 
of FIG. 37; 

[061] FIG. 40 is a cross-sectional view of an exemplary embodiment of the substantially flat 
heat transferring device shown in FIG. 39; 

[062] FIG. 41 is a cross-sectional view of the substantially flat heat transferring device 
shown in FIG. 39; 

[063] FIGS. 42 and 43 are a cross-sectional view and a plan view, respectively, of a 
substantially flat heat transferring device according to an exemplary embodiment of the 
present invention, including an upper plate where the upper plate including vertical spacers 
are provided; 

[064] FIGS. 44 and 45 are a cross-sectional view and a perspective view, respectively, of a 
substantially flat heat transferring device according to an exemplary embodiment of the 
present invention, including a lower plate which is integrated into one body with spacers; 
[065] FIG. 46 is a cross-sectional view of a substantially flat heat transferring device 
according to an exemplary embodiment of the present invention, including a wick plate and a 
wick plate control means for preventing the wick plate from vertically moving, which are 
integrated into one body; 



-10- 



Q77040.APP.TPC 
August 19, 2003 

[066] FIG. 47 is a cross-sectional view of a substantially flat heat transferring device 
according to an exemplary embodiment of the present invention, including micropatterns of a 
smaller width than planar wicks at the surface of a lower plate, the micropatterns extending 
along the planar wicks; 

[067] FIG. 48 is a perspective view of a substantially flat heat transferring device according 
to an exemplary embodiment of the present invention, in which a hydrophilic film is formed 
at a spacer plate region of a lower plate; and 

[068] FIG. 49 is a cross-sectional view of a substantially flat heat transferring device 
according to an exemplary embodiment of the present invention, in which an upper plate and 
a lower plate are each constituted by two elements. 

DETAILED DESCRIPTION OF ILLUSTRATIVE, NON-LIMITING EMBODIMENTS 
[069] Hereinafter, exemplary embodiments of a substantially flat heat transferring device 
and a method of fabricating the same according to the present invention will be described in 
greater detail with reference to the accompanying drawings. In the drawings, the thicknesses 
of layers and regions are exaggerated for clarity. 

[070] Referring to FIG. 5, a substantially flat heat transferring device according to an 
exemplary embodiment of the present invention includes a first lower plate 100, the bottom 
of which contacts a heat source H (e.g., a high heat-generating chip), a spacer plate 1 10 and a 
wick plate 120, which are sequentially stacked on the first lower plate 100, and a first upper 
plate 200, which covers the two plates 110 and 120. 

[071] During the manufacture of the substantially flat heat transferring device, the first 
upper plate 200 and the first lower plate 100 are bonded to each other along their edges so 
that they can be hermetically sealed (using, for example, welding, electrostatic bonding, or 
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thermal bonding). The wick plate 120 of a very small thickness includes a plurality of planar 
wicks and a plurality of holes formed therebetween. 

[072] The wick plate 120 may be comprised of at least two different layers. Wick patterns 
provided on the wick plate 120 may be regular and uniform, although any wick patterns can 
be provided as long as they can transfer a liquid-phase coolant from a condensing part P2 to a 
vaporization part PL In this embodiment, the spacer plate 1 10 is formed to have the same 
shape and size as the wick plate 120. The spacer plate 1 10 may be selectively provided so 
that the substantially flat heat-transferring device according to the present invention may not 
include the spacer plate 110. 

[073] The wick plate 120 and the spacer plate 1 10 may be formed to completely fit in the 
first upper plate 200 so that there is no gap between the inner side of the first upper plate 200 
and the circumference of an integrated body of the wick and spacer plates 120 and 1 10. As a 
result, the wick plate 120 and the spacer plate 1 10 can be prevented from moving out of 
alignment even when the substantially flat heat transferring device shakes due to physical 
impact. The first upper plate 200 and the first lower plate 100 may be formed to have the 
same shape when seen from above. In addition, the inner shape and size of the first upper 
plate 200 at the bottom side may be the same as those of the wick plate 120 and the spacer 
plate 110. 

[074] The thickness of the substantially flat heat transferring device shown in FIG. 5 is 
about a couple of millimeters (e.g., 1 mm ~ 2 mm). There must be provided a space, through 
which vapor generated when cooling the heat source (H) can be moved to the condensing part 
P2, between the wick plate 120 and the first upper plate 200. Since the first lower plate 100 
is thicker than the wick plate 120 and the spacer plate 1 10 in general, the thicknesses of the 
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wick plate 120 and the spacer plate 1 10 account for only a low percentage of the thickness of 
the substantially flat heat-transferring device. In other words, the wick plate 120 and the 
spacer plate 1 10 are very thin. The spacer plate 110 and the wick plate 120 are positionally 
maintained to the first lower plate 100 by the surface tension of a liquid-phase coolant (e.g., 
distilled water, ethanol, methanol, or acetone). 

[075] The distance among spacers formed in a spacer forming region 1 10b of the spacer 
plate 1 10 is greater than the distance among planar wicks formed in a planar wick forming 
region 120b of the wick plate 120. In other words, the density of spacers formed in the 
spacer forming region 1 10b is much lower than the density of planar wicks formed in the 
planar wick forming region 120b. 

[076] The spacer forming region 1 10b is comprised of the spacers and holes formed 
between them through which the lower plate 100 is exposed. The planar wick forming region 
120b is comprised of the planar wicks and holes formed between them, through which the 
first lower plate 100 is exposed. Accordingly, the fact that the density of the spacers is much 
lower than the density of planar wicks means that the size of the holes formed between the 
spacers is greater than the size of the holes formed between the planar wicks. The arranged 
form of the spacers and the planar wicks in the spacer forming region 110b and the planar 
wick forming region 120b, respectively, is determined by the way holes are arranged in the 
spacer forming region 1 10b and the planar wick forming region 120b, respectively. In other 
words, if the shape and arrangement of holes in the spacer forming region 1 10b are 
determined, the shape and arrangement of spacers are automatically determined. In the same 
manner, if the shape and arrangement of holes in the planar wick forming region 120b are 
determined, the shape and arrangement of planar wicks are automatically determined. 



-13- 



Q77040.APP.TPC 
August 19, 2003 

Accordingly, it is possible to respectively form spacers and planar wicks of various sizes, 
shapes, and arrangements in the same forming region 110b and the planar wick forming 
region 120b by varying the size, shape, and arrangement of holes being formed in the spacer 
forming region 1 10b and the planar wick forming region 120b, which will be described more 
fully later. 

[077] As described above, while the density of spacers formed in the spacer forming region 
1 10b is much lower than the density of planar wicks formed in the planar wick forming 
region 120b, the area of holes in the spacer forming region 1 10b is large enough to include 
the planar wicks and holes formed in the planar wick forming region 120b. Even though the 
spacer plate 1 10 is positioned between the wick plate 120 and the first lower plate 100, most 
of the bottom surface of the wick plate 120 directly faces the first lower plate 100. 
Accordingly, sufficient surface tension exists between the wick plate 120 and the first lower 
plate 100 so as to maintain the adhesion of the wick plate 120 and the first lower plate 100. 
The spacer plate 1 10 may be formed to be as thin as possible to generate even greater 
capillary force. 

[078] Even though the coupling of the wick plate 120, the spacer plate 110, and the first 
lower plate 100 is supposed to be firmly maintained by the surface tension of a liquid-phase 
coolant, it is possible for the wick plate 120 to be undesirably separated from the first lower 
plate 100 due to the weakening of surface tension of the liquid-phase coolant by physical 
impact or other unexpected reason. In other words, the wick plate 120 and the spacer plate 
1 10 may move toward the first upper plate 200. In this case, the circulation of the liquid- 
phase coolant may be obstructed, preventing the liquid-phase coolant from effectively 
removing the heat generated from the heat source (H). Accordingly, a dry-out may occur in 
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which the supply of the coolant to the top surface of the first lower plate 100 corresponding 
to a region H' which contacts the heat source (H) is stopped. If a dry-out occurs in the 
vaporization part PI, the temperature of the heat source (H) keeps increasing. If this happens, 
the heat source (H) {e.g., a high heat-generating chip) may operate slowly or not operate at 
all. In an even worse case, an electronic device in which the high heat-generating chip is 
installed may completely stop operating. 

[079] Accordingly, in order to prevent the wick plate 120 from floating freely between the 
first lower plate 100 and the first upper plate 200 for whatever reason, various fixing means 
are provided. Reference numeral 290 in FIG. 5 refers to one example of such fixing means, 
which is shaped as a protrusion that comes from the inner surface of the first upper plate 200 
toward the wick plate 120. The fixing means 290 will be described more fully later. 
[080] Referring to FIG. 5, a region 130 on the first lower plate 100, which is marked by a 
dotted line, refers to a region which contacts the spacer plate 1 10. An edge 200a of the first 
lower plate 100, which is outside the region 130, is hermetically bonded to the edge of the 
first upper plate 200. The edge 200a of the first lower plate 100 may have a width W0 of 1.5 
- 3.0 mm. 

[081] The area of the vaporization part PI which contacts the heat source H of the first 
lower plate 100 is smaller than the width of the condensing part P2 which does not contact 
the heat source H and is a region where vapor generated by the vaporization part PI 
condenses through phase transformation. Specifically, in this embodiment, the width of the 
first lower plate 100 is constant in the vaporization part PI, becomes wider from the 
boundary between the vaporization part PI and the condensing part P2, and then the width of 
the first lower plate 100 in the condensing part P2 is maintained at the wider value. A liquid- 
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phase coolant is vaporized in a certain region on the top surface of the first lower plate 100, 
and this region is right above the region H' at the bottom of the first lower plate 100, which 
directly contacts the heat source H. Vapor generated in this region moves to the condensing 
part P2 through a space provided between the first upper plate 200 and the wick plate 120. In 
the condensing part P2, such vapor transfers the heat generated from the heat source H to the 
outside and changes into a liquid-phase coolant. Through the process, a liquid-phase coolant 
is collected in the condensing part P2. As soon as the liquid-phase coolant arrives in the 
condensing part P2, it permeates the planar wick forming region 120b of the wick plate 120 
corresponding to the condensing part P2. The liquid-phase coolant, then, is moved from the 
condensing part P2 to the vaporization part PI by capillary force through space between 
planar wicks formed in the planar wick forming region 120b and the first lower plate 100. 
[082] The spacer plate 1 10 is provided between the wick plate 120 and the first lower plate 
100. It should be noted that, even when there is no spacer plate 110, the wick plate 120 and 
the first lower plate 100 are arranged very close to each other so that a gap between the first 
lower plate 100 and the wick plate 120, particularly, the planar wicks formed in the planar 
wick forming region 120b, is small enough to generate capillary force. The liquid-phase 
coolant collected in the condensing part P2 flows into the vaporization part PI through gaps 
among the planar wicks or through the gap between the first lower plate 100 and the planar 
wicks 140, 142 and 144 as shown in FIG. 26. 

[083] The wick plate 120 is comprised of the edge 120a in contact with the inner 
circumference of the first upper plate 200 and the planar wick forming region 120b inside the 
edge 120a. In the planar wick forming region 120b, various planar wicks are formed, as 
shown in FIGS. 6 through 8. Such planar wicks form a lot of fine channels, through which a 
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coolant can flow, with the first lower plate 100. The spacer plate 1 10 is comprised of the 
edge 110a in contact with the first lower plate 100 as well as the inner circumference of the 
first upper plate 200 and the spacer forming region 1 10b inside the edge 1 10a. 
[084] On the other hand, a void must be formed in between the first lower plate 100 and the 
first upper plate 200. The void is comprised of a vapor moving space 250 and a space in 
which wick plate 120, or the wick plate 120 and the spacer plate 1 10 are installed as shown in 
FIGS. 10 through 20. Accordingly, it is possible to manufacture the first upper plate 200 in 
consideration of this fact. 

[085] The plan shape of the wick plate 120 and the planar wicks formed in the planar wick 
forming region 120b will be described more fully with reference to FIGS. 6 through 8. 
[086] FIG. 6 shows an exemplary embodiment in which planar wicks formed in vaporizing 
part PI are a straight line-shape, FIG. 7 shows an exemplary embodiment where the planar 
wicks are a mesh-shape, and FIG. 8 shows an exemplary embodiment where the planar wicks 
are radial-shape. 

[087] Referring to FIG. 6, first through third planar wicks 140, 142, and 144 are formed in 
the vaporization part PI of the wick plate 120. The second planar wick 142 contacts a 
horizontal portion under the edge 120a surrounding the vaporizing part PI and is extended to 
the condensing part P2 along the horizontal portion. The third planar wick 144, which is in 
symmetry with the second planar wick 142, contacts and extends along an upper horizontal 
portion of the wick plate edge 120a to the condensing part P2. As shown in FIG. 6, the 
second and third planar wicks 142 and 144 have a form which the upper and lower portions 
of the edge 120a are extended in the inside direction of the edge 120a. The width of the wick 
plate 120 becomes wider in the condensing part P2 beside the vaporization part PI. 
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Accordingly, the second and third planner wicks 142 and 144 branch out in the place 
condensing part P2 begins. 

[088] In particular, the second planar wick 142 is divided into a plurality of planar wicks in 
the condensing part P2. Among such divided planar wicks, one planar wick which is the 
mother-body is connected to the edge of the wick plate 120 across the condensing part P2 in a 
straight line. The rest of the divided planar wicks, i.e., fourth planar wicks 142a and fifth 
planar wicks 142c, are formed in the extended area of the condensing part P2. The fourth 
planar wicks 142a are curved in the same shape as a portion surrounding the condensing part 
P2 of the edge of the wick plate 120. The fourth planar wicks 142a are connected to the right 
edge of the wick plate 120a surrounding the condensing part P2. The fifth planar wicks 142c 
are formed between the fourth planar wick 142a and the one planar wick which is the mother- 
body of the fourth and fifth planar wicks 142a and 142c, and are connected to the right edge 
of the wick plate 120. The fifth planar wicks 142c are formed in a straight line shape parallel 
to the second planar wick 142. 

[089] The third planar wick 144 is divided into a plurality of sixth and seventh planar wicks 
144a and 144c at the place in the condensing part P2 begins in the same way as the second 
planar wick 142. The sixth and seventh planar wicks 144a and 144c are formed in the 
extended area of the condensing part. One planar wick, which is the mother-body, of a 
plurality of planar wicks divided from the third planar wick 144, like that of the second 
planar wick 142, is connected to the edge of the wick plate 120 across the condensing part P2 
in a straight line. The sixth and seventh planar wicks 144a and 144c are in symmetry with 
the fourth and fifth planar wicks 142a and 142c, and thus their detailed description will be 
omitted. 
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[090] A second hole 142b having a predetermined width is formed between the fourth 
planar wicks 142a, and a third hole 142d having a predetermined width is formed between the 
fifth planar wicks 142c. A fourth hole 144b and a fifth hole 144d are formed between the 
sixth planar wicks 144a and between the seventh planar wicks 144c, respectively. Like this, 
the wick plate 120 is comprised of a plurality of planar wicks and a plurality of holes formed 
between the planar wicks. 

[091] The liquid-phase coolant gathering in the condensing part P2 flows into a space where 
a capillary force acts between the first lower plate 100 and the fourth through seventh planar 
wicks 142a, 142c, 144a, and 144c through the second through fifth holes 142b, 142d, 144b, 
and 144d and then moves to the vaporization part PI according to the second planar wick 
142. The liquid-phase coolant may also move to the vaporization part PI via the second 
through fifth holes 142b, 142d, 144b, and 144d. 

[092] As shown in FIG. 6, at least some planar wick selected of the second through seventh 
planar wicks 142, 144, 142a, 142c, 144a, and 144c may be connected by a planar wick bridge 
260a in order to adhere the wick plate 120 to the first lower plate 100 more stably, in which 
case the planar wick bridge 260a connects two adjacent planar wicks. Since the planar wick 
bridge 260a connects sides of adjacent planar wicks, there may be as much capillary force 
between the planar wick bridge 260a and the first lower plate 100 as that acting between the 
first lower plate 100 and the fourth through seventh planar wicks 142a, 142c, 144a, and 144c. 
Accordingly, even if the liquid-phase coolant encounters the planar wick bridge 260 on its 
way to the vaporization part PI through the second through fifth holes 142b, 142d, 144b, and 
144d, its stream can continue through a space between the planar wick bridge 260a and the 
first lower plate 100. 
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[093] A plurality of first planar wicks 140 are formed in the remaining area of the planar 
wick forming region 120b which the second through seventh planar wicks 142, 144, 142a, 
142c, 144a, and 144c are not formed. A first hole 150 is formed between the first planar 
wicks 140. In other words, the first planar wicks 140 are formed in the remaining area except 
the extended area of the condensing part P2 in the planar wick forming region 120b. The first 
planar wicks 140 which begin from the vertical portion of the surrounding the vaporizing part 
PI of the edge 120a are formed in parallel with the second and third planar wicks 142 and 
144 and are connected to the edge 120a across the condensing part P2 in a straight line. The 
first hole 150 having a predetermined width is formed between the first planar wicks 140 and 
each of the second and third planar wicks 142 and 144. The first hole 150 is also formed 
between the first planar wicks 140. The first hole 150 is extended along with the first planar 
wick 140 to the edge 120a of the wick plate 120 across the vaporization part PI and the 
condensing part P2. Accordingly, as in the case of the second through fifth holes 142b, 142d, 
144b, and 144d formed in the extended area of the condensing part P2, the liquid-phase 
coolant can flow between the first planar wick 140 and the first lower plate 100 through the 
first hole 150 by capillary force. The first hole 150, unlike the second through fifth holes 
142b, 142d, 144b, and 144d, extends straight from the condensing part P2 to the vaporization 
part PL Also, since the width of the first hole 150 is a very narrow so that capillary action 
can occur. Accordingly, the liquid-phase coolant can move to the vaporization part PI 
through the first hole 150 itself as well as through the space between the first planar wick 140 
and the first lower plate 100. Vapor generated in the vaporization part PI is emitted to the 
vapor pathway 250 through the first hole 150, and thus a region where the vapor is practically 
vaporized in the vaporizing part P2 is determined by the first hole 150. 
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[094] As shown in FIG. 7, an eighth planar wick 160a which is different from the above 
described planar wicks may be provided in a planar wick forming region 160 of the wick 
plate 120 may include. A plurality of sixth holes 160b and a plurality of seventh holes 160c 
are formed in the eighth planar wick 160a. The sixth holes 160b are formed in the 
vaporization part PI, and are a vaporizing region through which vapor is emitted. On the 
other hand, the seventh holes 160c formed in the condensing part P2 are an inlet through 
which the liquid-phase coolant flow into the condensing part P2. The sixth and seventh holes 
160b and 160c may be formed to have the same size. However, they may also be formed to 
have different sizes. The sixth and seventh holes 160b and 160c are arranged apart from one 
another by a predetermined distance. Accordingly, the eight planar wick 160a looks like a 
mesh. 

[095] As shown in FIG. 8, a planar wick different from the above described planar wicks 
may be formed in a planar wick forming region 170 of the wick plate 120. In FIG. 8, unlike 
in FIGS. 6 and 7, planar wicks are represented by lines for the convenience of drawing. 
[096] Referring to FIG. 8, the planar wicks formed in the planar wick forming region 170 
may be different in shape depending on the region where they belong, i.e., either the 
vaporization part PI or the condensing part P2. 

[097] In particular, ninth planar wicks 170a are formed in the vaporization part PI in a 
radial shape extending from a center region (C) of the vaporization part PI. Tenth and 
eleventh planar wicks 170c and 170d are formed in the condensing part P2. The ninth planar 
wicks 170a are comprised of various kinds of radial-shaped planar wicks. In other words, the 
ninth planar wicks 170a are divided into four radial-shaped planar wicks: a first radial-shaped 
planar wick is formed so as to meet in the center of a center region C. A second radial- 
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shaped planar wick is formed between the first radial-shaped planar wicks extending from the 
boundary of the center region (C). A third radial-shaped planar wick is formed between the 
first and second radial-shaped planar wicks extending from a predetermined point distant 
away from the boundary of the center region (C). A fourth radial-shaped planar wick is 
formed between the first and third radial-shaped planar wicks or between the second and third 
radial-shaped planar wicks extending from a certain point further distant away from a 
predetermined point from which the third radial-shaped planar wicks begin. An eight hole 
170b is formed among the first through fourth radial-shaped planar wicks. Vapor is emitted 
through the eight hole 170b. The eighth hole 170b extends to the condensing part P2. 
[098] The tenth and eleventh planar wicks 170c and 170d extend from the ninth planar 
wicks 170a and are changed into a straight line shape at the portion where the condensing 
part P2 begins. The eleventh planar wick 170d is divided into a plurality of twelfth planar 
wicks 170dl, 170d2, 170dn and a plurality of thirteenth planar wicks 170e at the portion 
the condensing part P2 begins. The tenth planar wick 170c formed in the condensing part P2 
is the same as the first planar wick 140 formed in the condensing part P2, and the eleventh 
through thirteenth planar wicks 170d, 170dl, 170dn, and 170e are practically the same as 
the second or third planar wicks 142 and 144 formed in the condensing part P2. 
[099] Some of the first through fourth radial-shaped planar wicks or some of the above 
described planar wicks formed in a straight line shape in the condensing part P2 are 
connected by the planar wick bridge 260a. 

[0100] As shown in FIGS. 6 through 8, various kinds of planar wicks may be formed in the 
planar wick forming region 120b of the wick plate 120. In addition to the embodiments 
shown in FIGS. 6 through 8, planar wicks having other shapes may be formed in the planar 
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wick forming region 120b. For example, a plurality of holes may be formed in the planar 
wick forming region 120b so that the liquid-phase coolant can flow from the condensing part 
P2 to the vaporization part PI, i.e., so that the liquid-phase coolant gathered in the 
condensing part P2 smoothly flows into the vaporization part PI through a space between 
planar wicks and/or through a space between the first lower plate 100 and the planar wicks. 
In this case, the plurality of holes may be arranged in a mesh shape in all regions of the 
vaporization part PI and the condensing part P2 or in an arbitrary shape depending on the 
characteristics of the region where the holes are located. Also, the size of the holes may be 
varied. 

[0101] Referring to FIG. 9A, a plurality of first spacers 180a and a plurality of second 
spacers 180b are horizontally arranged in a spacer forming region 1 10b. The first spacers 
180a are formed across the vaporization part PI and the condensing part P2. The second 
spacers 180b are arranged in parallel with the first spacers 180a in the extended area of the 
condensing part P2. Spacer plate bridges 190 are provided to connect some of the first and 
second spacers 180a and 180b. The spacer plate bridges 190 are an example of means for 
stabilizing the posture of the spacer plate 110. The spacer plate bridges 190 are provided 
between the first and second spacers 180a and 180b as well as between the first spacers 180a. 
The spacer plate bridges 190 may be arranged in rows, which are in parallel to one another, 
or they may be arranged in a zigzag pattern. 

[0102] The first spacers 180a are horizontally formed across the vaporization part PI and the 
condensing part P2 and are isolated from one another by a first distance SI. The first 
distance SI is broader than the gap between the planar wicks formed in the planar wick 
forming region 120b. Some of the second spacers 180b are formed in the direction across the 
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vaporization part PI, and the others are formed in the direction across the condensing part P2. 
The second spacers 180b are formed in parallel to one another and are isolated by a second 
distance S2. The second distance S2 is broader than the first distance SI. While the first and 
second distances S 1 and S2 are much broader than the gap between the planar wicks, the 
width of each of the first spacers 180a is almost the same as the width of each of the planar 
wicks. 

[0103] The spacer plate 1 10 may be formed in different shapes. For example, the shape 
and/or size of the spacer plate 1 10 may be different from the shape and/or size of the wick 
plate 120, and particularly, the spacer plate 1 10 may be replaced with some spacers or 
individual materials formed on parallel with the planar wicks formed in the wick plate 120. 
The spacers may be formed separately from the spacer plate 1 10 or may be permanently fixed 
on the first lower plate 100. 

[0104] Referring to FIG. 9B, the spacer plate bridges 190 are provided between two adjacent 
first spacers 180a and between the edge 1 10a and a first spacer 180a so that they can connect 
the two adjacent first spacers 180a and can connect the first spacer 180a to the edge 1 10a at 
an upper part of either side of each of the first spacers 180a. This fact also applies to the 
spacer plate bridges 190 formed in the condensing part P2. 

[0105] Next, various exemplary embodiments of a substantially flat heat transferring device, 
in which the wick plate 120 and the spacer plate 1 10 are sequentially stacked on the first 
lower plate 100, will be described with reference to FIGS. 10 through 25. Various exemplary 
embodiments of a substantially flat heat transferring device without the spacer plate 110 will 
be described with reference to FIGS. 26 through 30. The exemplary wick plate 120 shown in 
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FIG. 6 and the exemplary spacer plates 110 shown in FIG. 9B are used in the former. In the 
latter, the exemplary wick plate 120 shown in FIG. 6 is used. 

[0106] Referring to FIG. 10, while the first spacers 180a of the spacer plate 1 10 are sparsely 
formed on the first lower plate 100, the first through third planar wicks 140, 142, and 144 are 
much more densely formed on the first lower plate 100. As shown in FIG. 10, the density of 
planar wicks formed in the planar wick forming region 120b is much higher than the density 
of spacers formed in the spacer forming region 110b. Such density distribution is maintained 
in the condensing part P2. Accordingly, a liquid-phase coolant flows from the condensing 
part P2 to the vaporization part PI through the first through third planar wicks 140, 142, and 
144. The transfer of the liquid-phase coolant from the condensing part P2 to the vaporizing 
part PI is caused by capillary action. Accordingly, a gap between the first lower plate 100 
and the first through third planar wicks 140, 142, and 144 is maintained so that capillary 
action for the liquid-phase coolant can be caused. 

[0107] The first spacers 180a support the first through third planar wicks 140, 142, and 144, 
and thus the gap between the first lower plate and the first through the third planar wicks 140, 
and 142, and 144 is determined by the thickness of the first spacers 180a. Accordingly, the 
thickness tl of the first spacers 180a is small enough to cause capillary action for the liquid- 
phase coolant that flows between the first through third planar wicks 140, 142 and 144 and 
the first lower plate 100 from the condensing part P2. For example, the thickness tl of the 
first spacers 180a may be 50 \xm. Reference numeral 230 refers to the liquid-phase coolant 
flowing from the condensing part P2 to the vaporization part PI through the gap between the 
first lower plate 100 and the first through third planar wicks 140, 142, and 144 by capillary 
action. Reference letter d refers to the distance between the first and second planar wicks 140 
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and 142, the distance between the first and third planar wicks 140 and 144, or the distance 
between the first planar wicks 140. The region in the vaporization part PI where coolant is 
vaporized is determined by the distance d, and the distance d is a predetermined value, which 
can lower vaporization heat resistance, for example, 100 |im. Reference letter W refers to the 
width of the first through third planar wicks 140, 142, and 144. The width W of the first 
through third planar wicks 140, 142, and 144 is determined in consideration of the coolant 
vaporizing region in the vaporization part PI and the vaporization heat resistance. For 
example, the width W of the first through third planar wicks 140, 142, and 144 may be 100 
|im. 

[0108] In FIG. 10, the thickness of the first through third planar wicks 140, 142, and 144 is 
thicker than that of the first spacers 180a. For example, the thickness of the first through 
third planar wicks 140, 142, and 144 may be 100 jam. The distance between the top surface 
of the first lower plate 100 and the inner surface of the second upper plate 200 may be 
determined in consideration of the thickness of the first spacers 180a, the thickness of the first 
through third planar wicks 140, 142, and 144 and a vapor moving space provided between the 
wick plate 120 and the first upper plate 200. For example, the distance between the top 
surface of the first lower plate 100 and the inner surface of the first upper plate 200 may be 
0.8 mm. Considering that the thickness of the first lower plate 100 and the first upper plate 
200 is about 0.5 mm, the entire thickness of the substantially flat heat transferring device 
shown in FIG. 10 is about 1.8 mm. The entire thickness of the device may be different 
depending on the material constituting the first lower plate 100 and/or the first upper plate 
200 or depending on the material constituting the wick plate 120 and the spacer plate 110. 
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The first and second planar wicks 140 142 and the first spacers 180a are three-dimensionally 
shown in FIG. 11 A. 

[0109] As shown in FIG. 11B, Portions of a first spacer 180a may have different thicknesses. 
In this case, since a liquid-phase coolant needs to be quickly provided from the condensing 
part P2 to the vaporization part PI, the first spacer 180a may be formed to have a decreasing 
thickness so that the thickness of the first spacer 180a is larger at the condensing part P2 than 
at the vaporization part PL The thickness tl* of the first spacer 180a at the condensing part 
P2 is equal to or smaller than a maximum thickness that can enable first through third 
capillary patterns 140, 142, and 144 to exert capillary forces on a liquid-phase coolant in the 
condensing part P2. The thickness tl" of the first spacer 180a in the vaporization part PI is 
smaller than the thickness of the first spacer 180a in the condensing part P2. 
[0110] Alternatively, the first spacer 180a could have an irregularly varying thickness tl, as 
shown in FIG. 1 1C. In other words, the spacer 180a has a thickness tl' in the condensing 
part P2, a thickness tl" in the vaporization part PI, and a thickness tl"' in some place 
between the condensing part P2 and the vaporization part PI. Here, the thickness tl"' is 
smaller than the thickness tl' but larger than the thickness tl". 

[0111] If the spacer 180 is formed in a staircase shape, as shown in FIG. 1 1C, the plate wick 
120, mounted on the first spacer 180a, may be formed in a staircase shape as well. 
[0112] When, as described above, the first spacer 180a is formed having a larger thickness in 
the condensing part P2 than in the vaporization part PI, capillary forces become stronger in 
the vaporization part PI than in the condensing part P2 so that a liquid-phase coolant can be 
more quickly transferred from the condensing part P2 to the vaporization part PI. 
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[0113] FIG. 12 shows vaporization of the liquid-phase coolant, to which heat transferred 
from the heat source H is absorbed, through holes between the first through third planar 
wicks 140, 142, and 144. In FIG. 12, reference numeral 230a refers to vapor. The vapor 
230a generated in the vaporization part PI transfers to the condensing part P2 through the 
vapor moving space 250 provided between the first upper plate 200 and the first through third 
planar wicks 140, 142, and 144. 

[0114] FIGS. 13 A through 13D show a means for preventing the first through third planar 
wicks 140, 142, and 144 from moving in a direction parallel to the first lower plate 100 due 
to external impact or other reasons. In these drawings, at least some of the first through third 
planar wicks are connected to one another by the planar wick bridge 260a. The thickness of 
the planar wick bridge 260a may be thinner than the thickness of the first through third planar 
wicks 140, 142, and 144, or, as shown in FIG. 13B, the thickness of the planar wick bridge 
260a may be the same as that of the first through third planar wicks 140, 142, and 144. 
[0115] In a case where the planar wick bridge 260a is thinner than the first through third 
planar wicks 140, 142, and 144, it may be connected to an upper part of either side of the first 
through third planar wicks 140, 142, and 144, as shown in FIG. 13 A. Alternatively, the 
planar wick bridge 260a may be provided to connect a middle part of either side of the first 
through third planar wicks 140, 142, and 144, as shown in FIG. 13C. The planar wick bridge 
260a may also be provided to connect a lower part of either side of the first through third 
planar wicks 140, 142, and 144, as shown in FIG. 13D. In any one of the above-described 
cases, the same capillary force as the capillary force existing between the first lower plate 100 
and the first through third planar wicks 140, 142, and 144 exists between the planar wick 
bridge 260a and the first lower plate 100. Accordingly, when the liquid-phase coolant 
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encounters the planar wick bridge 260a on its way to the vaporization part PI from the 
condensing part P2, it can continue to move in the same direction through the gap between 
the first lower plate 100 and the planar wick bridge 260a. In addition, since the number of 
planar wick bridges 260a is much smaller than the number of planar wicks, the planar wick 
bridges 260a do not significantly affect the movement of the liquid-phase coolant. 
[0116] FIG. 14 shows three-dimension structure of the first through third planar wicks 140, 
142, and 144 connected by the planar wick bridges 260a. Referring to FIG. 14, each of the 
planar wick bridges 260a connects portions of two adjacent planar wicks. In order to increase 
the stability of the position of the wick plate 120, the wick plate bridges 260a may be 
arranged in a zigzag pattern instead of in rows. The number of planar wick bridges 260a in 
the vaporization part PI may be limited in consideration of the vaporizing region and the 
vaporization heat resistance. 

[0117] FIG. 15 shows a substantially flat heat transferring device including a means for 
preventing the first through third planar wicks 140, 142, and 144 from moving in a direction 
perpendicular to the first lower plate 100. The substantially flat heat transferring device 
shown in FIG. 15 includes an elastic element 280 {e.g., a plate spring) between the first upper 
plate 200 and the first through third planar wicks 140, 142, and 144. The elastic element 280 
can absorb impact externally given to the substantially flat heat transferring device, so that 
the first through third planar wicks 140, 142, and 144 can be prevented from moving in a 
direction perpendicular to the first lower plate 100. The elastic element 280 and the first 
through third planar wicks 140, 142, and 144 are three-dimensionally shown in FIG. 16. 
[0118] Referring to FIG. 16, the elastic element 280 has a smaller width than the length of 
the first through third planar wicks 140, 142, and 144. Also, the elastic element 280 does not 
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account for a lot of space in the vapor moving space 250 between the first upper plate 200 
and the first through third planar wicks 140, 142, and 144. Accordingly, it is possible to 
ignore the influence of the elastic element 280 on the movement of vapor from the 
vaporization part PI to the condensing part P2. 

[0119] FIG. 17 shows a substantially flat heat transferring device including a an elastic 
element 280 and planar wick bridges 260a, for preventing the first through third planar wicks 
140, 142, and 144 from moving in a direction perpendicular to the first lower plate 100. 
[0120] FIG. 18A shows a substantially flat heat transferring device including first protrusions 
290 protruding toward the first through third planar wicks 140, 142, and 144 as the means for 
preventing the first through third planar wicks 140, 142, and 144 from moving in a direction 
perpendicular to the first lower plate 100. The first protrusions 290 are sparsely formed to 
have a low density like the first spacer 180a, which is shown in FIG. 18B. The first 
protrusions 290, as shown in FIG. 18 A, may be formed having a rectangular cross section and 
extending along the direction of the length of the first upper plate 200. However, the first 
protrusions 290 could be formed having a circular cross section or a polygonal cross section, 
as shown in FIG. 18C and 18D, respectively. 

[0121] The first protrusions 290 protrude to be very close to the surfaces of the first through 
third planar wicks 140, 142, and 144 so that they almost contact the first through third planar 
wicks 140, 142, and 144. In the state like this, as shown in FIG. 19, the planar bridges 260a 
can be further provided between the first through third planar wicks 140, 142, and 144. 
[0122] FIG. 20 shows a substantially flat heat transferring device including fourteenth planar 
wicks 300 on the first lower plate 100 which is one body consisting of the wick plate 120 and 
the spacer plate. Each of the fourteenth planar wicks 300 includes a supporter 300b, which 
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has the same thickness and functions as the first spacers 180a, and wings 300a, which, like 
the first through third planar wicks 140, 142, and 144, make the liquid-phase coolant 230 
flow from the condensing part P2 to the vaporization part PI. Every fourteenth planar wick 
300 may have the supporter 300b, or, in an alternative embodiment, only some of the 
fourteenth planar wicks 300 may have the supporter 300b. The fourteenth planar wicks 300 
are three-dimensionally shown in FIG. 21. 

[0123] All of the planar wicks and/or holes, which have been described above as being 
formed in the planar wick forming region 120b of the wick plate 120, together with the 
fourteenth planar wicks 300 are formed using wet or dry etching or punching. Accordingly, it 
is easy to manufacture the planar wicks and the holes described in the embodiments of the 
present invention. In addition, the costs of manufacturing the planar wicks and the holes can 
be reduced. Moreover, it is possible to form planar wicks, spacers, and planar wick bridges 
according to the characteristics of the vaporization part PI and the condensing part P2. 
[0124] FIG. 22 shows a case in which the first protrusions 290 are provided at an inner 
surface of the first upper plate 200 as the means for preventing the fourteenth planar wicks 
300 from moving in a direction perpendicular to the first lower plate 100 in the exemplary 
embodiment shown in FIG. 20. 

[0125] FIG. 23 shows a case in which the planar wick bridge 260a is formed between the 
fourteenth planar wicks 300 as the means for preventing the fourteenth planar wicks 300 from 
moving in a direction parallel to the first lower plate 100. 

[0126] FIG. 24 shows a case in which the elastic element 280 is formed between the first 
upper plate 200 and the fourteenth planar wicks 300 as the means for preventing the 
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fourteenth planar wicks 300 from moving in a direction perpendicular to the first lower plate 
100. 

[0127] FIG. 25 shows a case in which the elastic element 280 and the planar wick bridge 
260a are provided in the substantially flat heat transferring device including the fourteenth 
planar wicks 300. 

[0128] A substantially flat heat transferring device, which does not include a spacer plate, 
and its variations will be described below with reference to FIGS. 26 through 30. 
[0129] Referring to FIG. 26, only the first through third planar wicks 140, 142, and 144, 
which constitute the planar wick forming region 120b of the wick plate 120 shown in FIG. 1, 
are provided between the first lower plate 100 and the first upper plate 200. The first through 
third planar wicks 140, 142, and 144 are arranged to be very close to the first lower plate 100. 
The first through third planar wicks 140, 142, and 144 and the first lower plate 100 are 
adhered by the surface tension of the liquid-phase coolant 230 existing therebetween. The 
liquid-phase coolant 230 runs between the first lower plate 100 and the first through third 
planar wicks 140, 142, and 144 in the condensing part P2 and moves to the vaporization part 
PI from the condensing part P2 due to capillary force generated between the first lower plate 
100 and the first through third planar wicks 140, 142, and 144 by their adhesion. 
[0130] Even though there is no spacer plate 1 10 between the wick plate 120 and the first 
lower plate 100, the liquid-phase coolant 230 can run between the first lower plate 100 and 
the wick plate 120. The liquid-phase coolant 230 then moves to the vaporization part PI 
from the condensing part P2 through the gap between the first lower plate 100 and the first 
through third planar wicks 140, 142,and 144 by the capillary force and is vaporized by heat 
generated from the heat source H. Vapor generated in the process is emitted in the vapor 
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moving space 250 formed between the first upper plate 200 and the first through third planar 
wicks 140, 142, and 144 extending to the condensing part P2 through openings formed 
between the first through third planar wicks 140, 142, and 144. Then, the vapor moves to the 
condensing part P2 via the vapor moving space 250. 

[0131] FIG. 27 shows a case in which the first protrusions 290 are provided at an inner 
surface of the first upper plate to face the first through third planar wicks 140, 142, and 144 in 
the substantially flat heat transferring device shown in FIG. 26. The first protrusions 290 are 
protruded toward the first through third planar wicks 140, 142, and 144. The first protrusions 
190 are an auxiliary means for closely fixing the wick plate 120 to the first lower plate 100 
and prevent the distance between the first lower plate 100 and the first through third planar 
wicks 140, 142, and 144 from being increased beyond the range in which the surface tension 
of the liquid-phase coolant 230 works because of external impact or other reasons. The first 
protrusions 290 also prevent the first upper and lower plates 200 and 100 from being bent or 
distorted in the process to cool the heat source H. 

[0132] FIG. 28 shows a case in which the planar wick bridges 260a are provided among the 
first through third planar wicks 140, 142, and 144 in the substantially flat heat transferring 
device shown in FIG. 26. The planar wick bridges 260 have been described above with 
reference to FIGS. 13A through 13D and 14 and thus their description will be omitted here. 
Additionally, the first protrusions 290 shown in FIG. 27 may also be provided together with 
the planar wick bridges 260a in the substantially flat heat transferring device shown in FIG. 
28. 

[0133] FIG. 29 shows a case in which the elastic element 280 is provided in the vapor 
moving space 250 of the resultant shown in FIG. 26 as an auxiliary means for fixing the wick 
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plate 120 to the first lower plate 100. The elastic element 280 may be, for example, a plate 
spring, which has been mentioned above. Additionally, the planar wick bridges 260a in the 
form shown in FIG. 28 may also be provided between the first through third planar wicks 
140, 142, 144 together with the elastic element 280. 

[0134] The auxiliary means for fixing the wick plate 120, such as the planar wick bridges 
260a, the elastic element 280, and the first protrusions 290 at the inner surface of the first 
upper plate 200, may be an individual material or be formed using metal etching. Also, the 
first upper plate 200 and the auxiliary means may be formed as one body using a press 
process. 

[0135] FIG. 30 shows such an example. The surface to face the wick plate 120 of a second 
upper plate 200' shown in FIG. 30 is uneven. Protruded parts of the second upper plate 200' 
contacting the first through third planar wicks 140, 142, and 144 can act as an auxiliary 
means for fixing the wick plate 120. The uneven part of the second upper plate 200' is 
formed from the vaporizing part PI to condensing part P2. Accordingly, recessed parts 
between the protruded parts, which are not in contact with the first through third planar wicks 
140, 142, and 144, are used as a passage through which vapor moves to the condensing part 
P2. 

[0136] The uneven surface to face the wick plate 120 of the first upper plate 200 may be a 
wave shape, as shown in FIG. 30, or in a square saw tooth shape not shown. 
[0137] A heat sink for condensing vapor supplied from the vaporization part PI into liquid 
(e.g., a ventilation fan) is provided outside the condensing part P2 of the substantially flat 
heat transferring device according to the embodiments of the present invention. FIGS. 31 
through 33A and 33B show the relationship between the heat sink and the substantially flat 
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heat transferring device according to the present invention in terms of their locations. In 
FIGS. 31 through 33A and 33B, the substantially flat heat transferring device without an 
auxiliary means for fixing the wick plate 120 is used. However, a substantially flat heat 
transferring device including the auxiliary means for fixing the wick plate 120 may also be 
used. The first through third planar wicks 140, 142, and 144 are specifically not shown in 
FIGS. 31 through 33 A and 33B for the convenience of drawing. 

[0138] FIG. 31 shows a heat sink 400 mounted on a predetermined region of the first upper 
plate 200 corresponding to the condensing part PI. 

[0139] FIG. 32 shows a heat sink 400 attached to the bottom surface of the first lower plate 
100 together with the heat source H. In FIG. 32, the heat sink 400 is attached to the bottom 
surface of the first lower plate 100 corresponding to the condensing part P2. Part of the first 
lower plate 100 onto which the heat sink 400 is attached may be thinner than the rest of the 
first lower plate 100. 

[0140] The substantially flat heat transferring devices shown in FIGS. 33A and 33B are the 
same as an upside-down image of the substantially flat heat transferring device shown in FIG. 
31. In FIGS. 33A and 33B, the first lower plate 100 is located at an upper part of the 
substantially flat heat transferring device as an upper plate, the first upper plate 200 at a lower 
part as a lower plate, and the heat source H (e.g., a chip emitting heat) is attached to the upper 
surface of the substantially flat heat transferring device. FIGS. 33A and 33B may represent a 
case where the substantially flat heat transferring device shown in FIG. 31 is turned upside 
down. Accordingly, the heat source H is located on a predetermined part of the first lower 
plate 100, which is used as the upper plate, corresponding to the vaporization part PL The 
heat sink 400 may be attached to a predetermined part of the first upper part 200, which is 
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used as the lower plate, corresponding to the condensing part P2, as shown in FIG. 33A. 
Alternatively, the heat sink 400 may be located together with the heat source H on the first 
lower plate 100, as shown in FIG. 33B, in which case the wick plate 120 is almost like 
dangling from the first lower plate 100 and thus is affected by gravity in a downward 
direction. Even though the wick plate 120 can be maintained to be maintained in position 
relative to the first lower plate 100 by the surface tension of a liquid-phase coolant existing 
between the wick plate 120 and the first lower plate 100, the position of the wick plate 120 
and the first lower plate 100 may be much more unstable than in the previous embodiments 
of the present invention. Accordingly, auxiliary means may be provided for fixing the wick 
plate 120 to the first lower plate 100 in the vapor moving space 250. In addition, in order to 
make the liquid-phase coolant smoothly flow, the wick plate 120 may be extended to the 
bottom of the predetermined part of the first upper plate 200, which is used as the lower plate, 
corresponding to the heat sink 400. 

[0141] In the substantially flat heat transferring devices shown in FIGS. 31 through 33 A and 
33B, a plurality of smaller-sized heat sinks, which can be arbitrarily controlled, may be 
provided instead of the heat sink 400. The liquid-phase coolant is injected into a substantially 
flat heat transferring device in the last step of manufacturing the substantially flat heat 
transferring device. In order to inject the liquid-phase coolant into the substantially flat heat 
transferring device, a fill port having an arbitrary shape (e.g., a circular tube shape) is 
provided to either the first upper plate 200 or the first lower plate 100 or both of the two. 
FIG. 34 shows a substantially flat heat transferring device including a fill port. As shown in 
FIG. 34, a fill port is provided to either end of the first upper plate 200. In other words, a first 
fill port 450a is installed at a side wall of the first upper plate 200 around the condensing part 
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P2, and a second fill port 450b is installed at the other end of the first upper plate 200 in the 
vaporization part PL 

[0142] The first lower plate 100 which has been described above has an even top surface and 
a uniform thickness. However, as shown in FIG. 35, in an alternative embodiment, there may 
be a second lower plate 100' in which a region 130 where the wick plate 120 or the spacer 
plate 110 is mounted is formed to depth D, which is deeper than a region 200a contacting the 
edge of the upper plate 200. In the case of the second lower plate 100', the thickness of the 
region 130 is thinner than that of the region 200a contacting with the edge of the first upper 
plate 200. Hereinafter, a substantially flat heat transferring device including the second lower 
plate 100' will be described. In the substantially flat heat transferring device, only the wick 
plate 120 is between the second lower plate 100' and the first upper plate 200. However, the 
substantially flat heat transferring device may further include the spacer plate 1 10 together 
with the wick plate 120. 

[0143] FIG. 36 is a cross-sectional view of a substantially flat heat transferring device 
including the second lower plate 100'. Here, second protrusions 290' are formed at the inner 
surface of the first upper plate 200 facing the wick plate 120 as a means for fixing the wick 
plate 120. The second protrusions 290' are the same as the first protrusions 290 in terms of 
their functions, and thus their description will be omitted. The heat sink 400 may be formed 
on a predetermined area of the first upper plate 200 corresponding to the condensing part P2. 
However, the heat sink 400 may also be attached to the bottom surface of the second lower 
plate 100', as marked by a dotted line in FIG. 37. The first upper plate 200 and the second 
lower plate 100' may be coupled to each other using various kinds of coupling methods (e.g., 
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welding, electrostatic coupling, or thermal coupling). This fact can also apply to the coupling 
of a upper plate and a lower plate described below. 

[0144] FIG. 37 is a cross-sectional view of a substantially flat heat transferring device 
including a third lower plate 100" and a third upper plate 200". In FIG. 37, a certain region 
130 of the third lower plate 100" where the wick plate 120 will be mounted is recessed to a 
second depth Dl, and the third upper plate 200" is substantially fiat having a uniform 
thickness. The Dl is larger than the D2. The vapor moving space 250 is provided by the 
third lower plate 100", which is recessed to the second depth Dl except for the edge. A 
void, i.e., the vapor moving space 250, is provided between the third upper plate 200" and 
the wick plate 120. Unlike in the previous embodiments of the present invention, the 
thickness of the third upper plate 200" is uniform, the vapor moving space 250 is provided 
by the third lower plate 100' ' in which the rest except the edge is recessed to the second 
depth Dl. The second protrusions 290' are formed in the vapor moving space 250. A dotted 
line in FIG. 37 is for showing that the heat sink 400 which is mounted on the predetermined 
area of the third upper plate 200" corresponding to the condensing part P2 can also be 
attached to the bottom surface of the third lower plate 100". 

[0145] FIG. 38 is a cross-sectional view of the substantially flat heat transferring device 
shown in FIG. 36, taken along line 38 - 38', and FIG. 39 is a cross-sectional view of the 
substantially flat heat transferring device shown in FIG. 37, taken along line 39 - 39'. In 
FIGS. 38 and 39, the planar wick bridges 260a shown in FIG. 28 or the elastic element 280 
shown in FIG. 29 may be included instead of the second protrusions 290' as an auxiliary 
means for fixing the wick plate 120. This fact can also be applied to FIGS. 40 and 41. 
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[0146] In FIGS. 38 and 39, the spacer plate 110 may be further included between the wick 
plate 120 and either the second or third lower plates 100' or 100". FIG. 40 shows a case in 
which the spacer plate 1 10 is provided between the wick plate 120 and the second lower plate 
100', and FIG. 41 shows a case in which the spacer plate 110 is provided between the wick 
plate 120 and the third lower plate 100". In the former, the rest except the edge of the 
second lower plate 100' is recessed to a third depth D2 (D2 > D) in consideration of the 
thickness of the spacer plate 110. In the latter, the rest except the edge of the third lower 
plate 100" is recessed to a fourth depth D3 (D3 > Dl > D2) in consideration of the thickness 
of the spacer plate 110. 

[0147] The spacer plate 110 shown in FIGS. 40 and 41 may have different shape and size 
from the wick plate 120. For example, the spacer plate 1 10 may be a plate formed in an 
arbitrary shape having a plurality of holes, in which case the size of the holes may be larger 
than the size of holes formed in the wick plate 120. 

[0148] The spacer plate 110 may also be replaced by a plurality of spacers having a simple 
structure which does not affect the movement of a liquid-phase coolant. 
[0149] The wick plate 120 is comprised of planar wicks and holes between the planar wicks. 
The shape and arrangement of the planar wicks are dependent on the shape and arrangement 
of the holes. Accordingly, the direction of the movement of the liquid-phase coolant from the 
condensing part P2 to the vaporization part PI is also dependent on the holes. As in each of 
the previous embodiments of the present invention, the way the holes are arranged is 
determined in consideration of the direction of the movement of the liquid-phase coolant. 
[0150] The substantially flat heat transferring device according to an embodiment of the 
present invention may further include vertical spacers 500, as shown in FIGS. 42 and 43 at 
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the inner sidewalls of the upper plate 200. The vertical spacers 500 are introduced to 
maintain a fine gap between the upper plate 200 and elements provided in a space surrounded 
by the upper plate 200 and the lower plate 100, i.e., the wick plate 120. 
[0151] If the elements in the space defined by the upper plate 200 and the lower plate 100 
contact the inner surface of the upper plate 200, there is some possibility of a bonding agent, 
which is used to hermetically seal the upper plate 200 and the lower plate 100, permeating the 
bonded body of the lower plate 100 and the upper plate 200 along the surface of the lower 
plate 100. For this reason, the vertical spacers 500 are provided at the inner sidewalls of the 
upper plate 200, thus guaranteeing a gap between the upper plate 200 and the elements 
therein. Accordingly, the bonding agent can be prevented from permeating inside the bonded 
body of the lower plate 100 and the upper plate 200. 

[0152] In the heat transferring device according to the present invention, the first spacers 
180a and the lower plate 100 may be integrated into one body (hereinafter, referred to as a 
first embodiment) or the first protrusions 290 provided at the inner surface of the upper plate 
200 and the wick plate 120 may be integrated into one body (referred to as a second 
embodiment), as shown in FIG. 18. Alternatively, predetermined patterns may be formed at 
the surface of the lower plate 100 in order to expand the contact area between the liquid- 
phase coolant and the lower plate 100 in the vaporization part PI (referred to as a third 
embodiment). Alternatively, an auxiliary means for helping transfer the liquid-phase coolant 
from the condensing part P2 to the vaporization part PI may be provided at the surface of the 
lower plate 100 so that the liquid-phase coolant can be transferred via the auxiliary means 
(referred to as a fourth embodiment). Alternatively, the upper and lower plates 200 and 100 
may be each constituted by two different elements (referred to as a fifth embodiment). 
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[0153] FIG. 44 is a cross-sectional view of a heat transferring device according to the first 
embodiment of the present invention. In FIG. 44, reference numerals 510 and 510a represent 
a lower plate, integrated into one body with spacers, and spacer protrusions, provided on the 
lower plate 510, respectively. The spacer protrusions 510a serve almost the same functions 
as the first spacers 180, shown in FIGS. 10 and 12, and have the same height (h) as the 
thickness of the first spacers 180a. The spacer protrusions 510a may have different heights 
region by region, which is similar to the cases dealt with in FIGS. 11B and 11C. For 
example, the spacer protrusions 510 may be formed so that the height of the spacer 
protrusions 510 in the condensing part P2 is larger than the height of the spacer protrusions 
510 in the vaporization part PI. The height of the spacer protrusions 510 may regularly or 
irregularly decrease over the lower plate 510 ranging from the condensing part P2 to the 
vaporization part PI. The spacer protrusions 510a, as shown in FIG. 45, may be arranged 
along the direction of the length of the lower plate 510. 

[0154] FIG. 46 is a cross-sectional view of a heat transferring device according to another 
exemplary embodiment of the present invention. In FIG. 46, reference numeral 600 
represents a control mean-integrated wick plate, which is formed by integrating, into one 
body, the wick plate comprised of first through third planar wicks 140, 142, and 144, and the 
first protrusions 290, which are planar wick control means for preventing the first through 
third planar wicks 140, 142, and 144, shown in FIGS. 18 and 19, from moving in a vertical 
direction. Reference numeral 600a represents protrusions (referred to as wick plate 
protrusions) protruding upward from the control mean-integrated wick plate 600. The wick 
plate protrusions 600a serve the same functions as the first protrusions 290, shown in FIGS. 
18 and 19, may be formed to the same height as the first protrusions 290. In other words, the 
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wick plate protrusions 600a may be formed to a predetermined height so that they do not 
form any gap with the inner surface of the upper plate 200. The wick plate protrusions 600a 
may be formed having a rectangular cross section and extending along the first through third 
planar wicks 140, 142, and 144. However, the wick plate protrusions 600a may have 
different cross sections, i.e., a circular cross section (like protrusions 290a shown in FIG. 
18C) and a polygonal cross section (like protrusions 290b shown in FIG. 18D). The wick 
plate protrusions 600a may be formed having a smaller width than the first through third 
planar wicks 140, 142, and 144. 

[0155] FIG. 48 is a cross-sectional view of a heat transferring device according to another 
exemplary embodiment of the present invention. Referring to FIG. 47, micropatterns 100b 
are formed at the surface of the lower plate 100. The micropatterns 100b may be provided at 
the vaporization part PI or both at the vaporization part PI and the condensing part P2. The 
micropatterns 100b may be formed as hemispherical shaped or equilateral triangle-shaped 
grooves having a smaller width than the first through third planar wicks 140, 142, and 144. 
The micropatterns 100b are separated from one another with a predetermined distance 
thereamong. The distance among the micropatterns 100b may be at least the same as the 
width of the first spacers 180a, in which case the first spacers 180a may be formed to contact 
the lower plate 100 among the micropatterns 100b. 

[0156] The surface area of the lower plate 100 is expanded larger due to the existence of the 
micropatterns 100b. Accordingly, the contact area between the lower plate 100 and the 
liquid-phase coolant entering the vaporization part PI increases, and heat capacity transferred 
to the liquid-phase coolant per each predetermined time unit increases considerably from the 
heat capacity to the liquid-phase coolant per each predetermined time unit with no 
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micropatterns. This means that due to the existence of the micropatterns 100b, the efficiency 
of cooling down elements heated by the heat source H considerably increases as well. 
[0157] The micropatterns 100b may be formed along the direction of the length of the lower 
plate 100. However, as long as the purposes of the installation of the micropatterns 100b can 
be successfully met, the micropatterns 100b may be formed having a variety of shapes (e.g., a 
spiral shape, a circular shape, and a polygonal shape). 

[0158] FIG. 48 is a perspective view of a heat transferring device according to another 
exemplary embodiment of the present invention. Referring to FIG. 48, the top surface of the 
lower plate 100 is covered with hydrophilic film 520, Le., a porous film, except for the edge 
of the lower plate 100, which contacts the upper plate 200. The hydrophilic film 520 is 
thinner than the spacer plate 1 10 and is formed of a different material from the upper plate 
200 and the lower plate 100. The hydrophilic film 520 is used to transfer some of the liquid- 
phase coolant collected in the condensing part P2 to the vaporization part PL Since the 
hydrophilic film 520 can carry a smaller amount of liquid-phase coolant than the wick plate 
120 can, it may be hard for the hydrophilic film 520 to provide a sufficient amount of liquid- 
phase coolant required by the vaporization part PI without other elements' help. For this, 
hydrophilic film 520 may be provided as an auxiliary means for the wick plate 120 to carry 
the liquid-phase coolant. Therefore, the wick plate 120 is provided on the hydrophilic film 
520. The wick plate 120 may be replaced by the control means integrated wick plate 600, 
shown in FIG. 46. In addition, in a case where the vertical spacers 500 are provided at the 
inner surface of the upper plate 200, as shown in FIGS. 42 and 43, the hydrophilic film 520 
can be provided. 
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[0159] FIG. 49 is a cross-sectional view of a heat transferring device according to another 
exemplary embodiment of the present invention. This embodiment of the present invention is 
mainly related to the structure of upper and lower plates, and thus elements that are not 
directly related to the structure of the upper and lower plates, such as a spacer plate, a wick 
plate, and protrusions, are not illustrated in FIG. 49 for the convenience of drawing. 
[0160] In FIG. 49, reference numerals 700 and 800 represent upper and lower plates, 
respectively, of a substantially flat heat transferring device. The upper plate 700 is comprised 
of an outer cover 700a and an inner cover 700b, which directly contacts a spacer plate, a wick 
plate, and vapor generated from a vaporization part PL The outer cover 700a of the upper 
plate 700 is formed of aluminium (Al), and the inner cover 700b is formed of copper (Cu). 
The lower plate is comprised of an outer cover 800a, which contacts a heat source (not 
shown), and an inner cover 800b, which directly contacts a spacer plate (not shown) and a 
liquid-phase coolant. The outer cover 800a of the lower plate 800 is formed of aluminium, 
and the inner cover 800b is formed of copper. 

[0161] The upper and lower plates 700 and 800 may be formed of different materials from 
those presented here, if necessary. 

[0162] The hydrophilic film 520 of FIG. 48 may be provided at the surface of the inner cover 
800b of the lower plate 800, shown in FIG. 49, and vertical spacers may be further provided 
at the inner surface of the inner cover 700b of the upper plate 700 together with or 
independently from the hydrophilic film 520 at the lower plate 800. Spacers of a variety of 
shapes may be provided on the inner cover 800b of the lower plate 800 together with a wick 
plate and the vertical spacers. 



-44- 



Q77040.APP.TPC 
August 19, 2003 

[0163] Hereinafter, a method of fabricating a substantially flat heat transferring device 
according to the present invention will be described. 

[0164] Specifically, the first lower plate 100 or the first upper plate 200 of elements shown in 
FIG. 5 is formed first. The first upper plate, 200 at the inner surface of which an auxiliary 
means for fixing the wick plate 120 to the first lower plate 100, such as the protrusions 290, is 
formed, is manufactured using casting process, precision instrument processing process, 
pressing process, or embossing process. In a case where the first lower plate is the second 
lower plate 100' having a recessed region 130 as shown in FIG. 35. The first lower plate 100 
is formed in the same manner as the first upper plate 200. 

[0165] In the process of forming the first plate 100, the micropatterns 100b may be formed 
on the surface of the first plate 100, as shown in FIG. 47, in order to expand the surface area 
of the first lower plate. The micropatterns 100b may be formed as grooves, which are 
separated from one another with a predetermined distance thereamong. The grooves, here, 
may have a variety of cross sections (e.g., a hemispherical cross section or a triangular cross 
section). The micropatterns 100b may be formed having a smaller width than the first 
through planar wicks 140, 142, and 144. The micropatterns 100b may be formed having a 
larger width than the first spacers 180a. 

[0166] As shown in FIG. 44, the spacer protrusions 510a may be formed to protrude upward 
from the lower plate 510, as shown in FIG. 44. The spacer protrusions 510a serve the same 
functions as the first spacers 180a shown in FIG. 11 or 12. Therefore, the spacer protrusions 
510a may be formed to the same height as the first spacers 180a. The lower plate 510 and the 
spacer protrusions 510a may be integrated into one body. The height of the spacer 
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protrusions 510a regularly or irregularly decreases over the lower plate 100 ranging from the 
condensing part P2 to the vaporization part PI. 

[0167] In the process of forming the first upper plate 200, the vertical spacers 500 may be 
further formed at the inner surface of the first upper plate 200, as shown in FIGS. 42 and 43, 
so as to form a gap between the first upper plate 200 and the wick plate 120. 
[0168] In the process of forming the upper plate 700, the inner cover 700b may be further 
formed on the inner surface of the outer cover 700a. The inner cover 700b of the upper plate 
700 is formed of a different material from the outer cover 700a. The inner cover 800b may 
be further formed on the surface of the outer cover 800a facing the upper plate 700. The 
inner cover 800b of the lower plate 800 is formed of a different material from the outer cover 
800a. 

[0169] After the formation of the first upper and lower plates 200 and 100, the wick plate 120 
and/or the spacer plate 1 10 are formed. The wick plate 120 and/or the spacer plate 1 10 are 
formed to have various planar wicks or holes having various shape and size on the 
assumption that a liquid-phase coolant can smoothly flow. The shapes and sizes of the planar 
wicks and the holes may be varied. The explanation of the planar wicks were in detail 
described above in connection with the constitution of a substantially flat heat transferring 
device. Accordingly, the explanation thereto will be omitted here. The wick plate 120 and/or 
the spacer plate 110 are formed using wet etching, dry etching, or punching. 
[0170] In the process of forming the wick plate 120, the wick plate protrusions 600a of FIG. 
46, instead of the first upper plate 200, may be formed on the wick plate 120, in which case 
the wick plate protrusions 600a and the wick plate 120 may be integrated into one body. 
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[0171] According to an exemplary embodiment of the present invention, the wick plate 120 
is mounted in the region 130 of the first lower plate 100, and the first upper plate 200 is 
arranged over the first lower plate 100 in which the wick plate 120 is mounted. Next, the first 
upper plate 200 and the first lower plate 100 are coupled along their edges using brazing, 
welding, electrostatic coupling, or thermal coupling. 

[0172] According to another exemplary second embodiment of the present invention, the 
spacer plate 110 and the wick plate 120 are sequentially mounted in the region 130 of the first 
lower plate 100. Next, the first upper plate is arranged over the first lower plate 100 in which 
the spacer plate 100 and the wick plate 120 are sequentially mounted. Next processes are the 
same as the first embodiment of the present invention. 

[0173] In the exemplary embodiments of the present invention described immediately above, 
the elastic element 290 may also be provided between the first upper plate 200 and the wick 
plate 120, or the first upper plate 200 may be formed so that it can be integrated into one 
body having both functions as an auxiliary means for fixing the wick plate 120 and an upper 
plate, for example, the second upper plate 200', as shown in FIG. 30. 

[0174] In the exemplary embodiments of the present invention described immediately above, 
after the coupling of the first upper and lower plates 200 and 100, a liquid-phase coolant, for 
example, water (e.g., distilled water), ethanol, methanol, or acetone, is injected onto the wick 
plate 120 through a fill porter formed at either the first upper plate 200 or the first lower plate 
100 or at both of the first upper and lower plates 200 and 100. Next, the fill port is 
hermetically sealed. 

[0175] In an exemplary embodiment of the present invention, the wick plate 120 may be 
formed to also be capable of serving as the spacer plate 1 10 of the second embodiment of the 
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present invention. For example, at least some of the planar wicks formed in the wick plate 
120 may be formed to have protrusions extending down toward the first lower plate 100. The 
protrusions may be formed to have a predetermined length so that the surface tension of the 
liquid-phase coolant can be maintained between the first lower plate 100 and the wick plate 
120 when the wick plate 120 is mounted on the first lower plate 100. By the protrusions, the 
first lower plate 100 can be maintained apart from the wick plate 120 by a constant distance. 
[0176] As shown in FIG. 47, before mounting a wick plate (not shown) on the first lower 
plate 100, the hydrophilic film 520 may be formed on the surface of the first lower plate 100, 
on which the wick plate will be mounted. 

[0177] While this invention has been particularly shown and described with reference to 
exemplary embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and scope 
of the invention as defined by the appended claims. For example, a means for pressing a 
wick plate may be provided to an upper plate. An integrated wick plate, in which planar 
wicks, spacers, and the pressing means are integrated, may be provided. For example, an 
integrated wick plate in which protrusions are formed on the fourteenth planar wick 300 
shown in FIG. 20 or 21 may be suggested. At this time, the protrusions are symmetrical with 
the supporter 300b and extended toward the first upper plate 200. The protrusions in the 
integrated wick plate may replace the first protrusions 290 shown in FIG. 22 or the second 
protrusions 290'. 

[0178] As described above, the substantially flat heat transferring device according to the 
present invention includes a wick plate and/or a spacer plate formed for an ultra slim device 
using a metal etching. The wick plate and the spacer plate are formed using metal etching. 
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Accordingly, it is possible to say that the manufacturing processes are very simple and the 
manufacturing costs are much lower than in conventional techniques. In addition, it is 
possible to manufacture a wick structure which is formed to have an optimal shape for both a 
vaporization part and a condensing part having a relatively large area in consideration of a 
vaporizing region and vaporization thermal resistance. Accordingly, it is possible to apply 
the substantially flat heat transferring device of the present invention to various ultra slim 
devices and to increase the efficiency of cooling heat-generating elements. 
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